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INTRODUCTION
Lo _ .
Thesé appendices contain the background environmental data
used in the repoﬁ, "The Domain of the Ground Effect Machiﬁe--The
Deter_'minat'ion.'of Physical and‘ .Operatin'g Characteristics of Military
Overlénd, Amphibious, and Marine-GEMs from World-wide Envii'on-

mental Criteria." (Volume I)

The tables in these apperndices summarize, on a world-wide
basis, the features of the natural environment considered most impor-

tant in the design and operation of Ground Effect Machines (GEMs).

Appendix A contains Climatic and Oceanographic Data; Appen-~
dix B contains Natural Environment of Continental "A"reas; an;i Appen— -
dix C coﬁtains_ Natural Environment of C'oastai A;‘eas. Introductpry
notes in each appendix discuss the sourcés of data and explai'n"thev make-
up of the tables. The natural environ.rhental.references have b‘éen’

extracted from the Bibliography (Volume I), and repeated in this volume.

Much of the data in Appendices B and C is from classified sources.

Therefore, Appendices B and C are classified CONFIDENTIAL. e

iv
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APPENDIX A

—- °  CLIMATIC AND OCEANCGRAPHIC DATA

This appendix contains world-wide climatic data and references
to the source materiuls for world-wide oceanographic data. These

data are summarized and discussed in Chapter I of the report (Volume I).

CLIMATIC CLASSIFICATIONS

' The first three column headings of Tables A-1 throggh A-6 list
zone nxirhbers émd climatic cléssifications. Zone numbers, s’carting

with 1, have been assigned arbitrarily to all zones on each continent.

" Letter suffixes have been assigned to the coastal portion of zqne's' ‘with

large interior areas but not to p#jimarily coastal zones. The Bailey

Climatic Classification refers to the coastal climatic zones. 'The

Critchfield Classification refers to all continental zones, inclixding the .

incidental coastal regions.

In his work on the climates of coastal regions, ,Bailey( ,_)_ has’

- recognized fourteen types with the character of the ve’gefati"on!a_.s his

basic indicator. He found that while the correspondence between ‘cilima‘,‘t‘ic

zone and vegetation distribution is not alwéys perfect, the‘.v'egét',aj;iv'e P
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APPENDIX A(2)

cover is the best indicator, yet deviSed, of the synthesis of ail th'ose‘
factors thas go to produée climate. DBailey's classificét:'ons, }criteria,
nding 'égetative typesl are c:"ma'incu in Table 1 of the

report (Volumel). The statistical bases for the climatic definitions used

by Bailey are the monthly and annual means of temperature and pre-

cipitation indicated in Table 1.

Seven-hundred climatic stations were used tc establish the zone

boundaries according to detailed criteria which are too voluminous to

repeat in this appendix. Of these stations, 256 spaced approximately

five-hundred miles 2part were used for determination of the zone .

characteristics. Each characteristic was determined by arréying in
W

accendmg numemcal order, the data for that element from the statlons

in a given climatic type. From the distributions thus obtamed the 25th5

and 75th percentile pomts were dete rrnined and are given in the table.
Thus, fhese values describe climatic conditions Qvex_; appro#i%nately ‘
50 per cent of thé aggregaté length of coast line affected by fhe givén-
types. These figares are useful for general purposes;ho;vevér, 'a§

Bailey cautions, there are limitations to their application to specific

N
4

provlems.,

)

Critchfield( 3, p. 174) states that his system of_describing world

climates is essentially a geographic one. He defines his principal -

'
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chmatic ivpes in terms of general characteristics of temperature and
precipitation, their seasonal distribution, and the relatcd natural vege- -
. fation. Although not as delailed as other systeins,$is system agrees
N - (3,4, 20)
: well with those of Koeppen, Thornthwaite, Trewartha, and Bailey
primarily because, as Critchfield points out, a well-ordered system of
.climates does exist on earth. The characteristics assigned by Critchfield ;
= to his various.classifications, given in Table 2, (Volume I). are not ]
nearly as detailed as those given by Bailey. The correspondence between
the two systems is readily ascertained by a reference to columns 2 and
; 3 in the tables of this appendix. . v (
; SOURCES OF DATA o : _ - - ‘ S
s’ ' The ultimate sources of all climatic data are the weather observations
! made many times, daily at thousands of points over the world and trans- %
i S mitted over regional and world-wide ccmmunications networks for all to - 3
P : use. Statistically summarized over an extended period, these observations : é
B - become the data which describe the climatic characteristics of each obser- o ;é;
I N . , . . e
t i . . . . . ' . .
3 : vation point. By summarizing the climatic data over a region, the climate - = §
‘ : _of the region is described. Most countries publish clirhatic data for : 3
R ., representative points within their boundaries. ) “g
: The tremendous volume of climatic data and the large number of .
= 2 original sources in which they are contained has made it desirable to o §
i : S g
42
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summarize or tabulate them 1n one set of tables. This task has been |

accomplished by the Climatologicél Section, Air Weather Sefvicé,

~U.S.-Air Force, the U, S, Weather Burezu, the@faval Weather Scrvice,

“and the Hydrographic Office, The data presented here are sum-

marized from these tables with supplemental help from a few additional

sources.  (See Biblicgraphy.)

METHODS OF SUMMARIZ NG THE DATA

Time did not permit, and the »robable small improvement in

accuracy attainable did not justify, the use of all the data from each

zone for determination of its climatic characteristics. Instead, a

’

sampling procedure was used in which a fe.w equally Spacéd "'stations,
were chosen, and the characteristic zone vélues of tH:e selec;ted para~ -
meters weré determined from théir data. In the cases of a :iféw .\vrevry'
‘short coastal zones or very smail intex‘ior zones, only one éltatiqh . |
was available as the sample. Five to fifteen stations wéfe n‘sed m

most zones, while twenty or more stations were used for the largest

zones.  The numbers .given in the following tables represent -the range

of values observed at the sample stations within each zone. . '

(1} Temperature

"“The mean da1ly maximurn temperature for the'warmest. . .. ... =

month includes the range of values observed among the sample

'
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) - | stations ir the warmest month of the year, regardless of which
month 1t was. Similarly, the numbers under mean éal]y min‘imum
- — - temperature jnelude the range of values obs@fved for the coldes:

" ‘month. The probable “absolﬁte maximum and minimum témperatufé’s
are the extrc_elfnes observed an;rvv«here within the zone during the
period of record. Since the peribdé of record vary fron{ 2 ye_af
or two up to fifty years, these éxtreme values ar‘e indicé.;tive only"cfv

\ what might possible be encountered.

(2) Precipitation

The values given for mean monthly precipitation in the .w’e'ttest

amount measured a! the sample stations within the zones. - Extreme
values are not given; however, they usually approxii'nate'pne~half
‘and double the mean values. The wettest month is not néces.sar‘i'ly

i | | ’ , énd driest months' are the ranges (in'i inches) of the mean pr;eéipitatioh
the same month at all stations within the idne, Similarly, the
drie'sf montiﬁ .vmay':vary axﬁc;ngtstétions; 'fhe ranée of \lrai.u_t.es‘given
‘ .5 for each zone, when considered in relation to ;'zone size, 1s a"n‘.in.d‘i».
cation of the degree of homoge.neity of thenclvimatevv}ithinf'tha»u't'l:ioi;e.:_
. The range ’,_Vm?y also refiect q'ifferépces in elevation Qr‘;e%po‘s»}_i;‘--e of .
the observing pomts.v Data aval.‘lable ‘on"the ‘mean ntixmbér" éf <:i‘a‘ys.'

with precipitation do not all refer to 0.01 inches; thcrefore, it was
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necessary to adjust the number on the basis 6f other i1nformation. -

Although the mcan uuwmber of Gays usually refers to the same

‘months as does the mean precipitation amounts, they do differ at

some stations. The figure given for maximum probable twenty-

four hour precipitaiion usually refers to the maximum observed

at any of the sample stations within the zone during the period of

‘record. Accordingly, it is an indication of rainfall intensity over

1

short periods. In a very few cases it was necessary to estimate

the probable values on the bacis of information from adjacent
zones. In other cases, where the reportéd twenty-four hour

maximum obviously referred to rainfall from hurricanes. the

figure for the next highest month was used. No value is'given

where none was reported by any station in the zone and no basis

b

existed for making a reasonable estimate,

(3) Wind Speveds_

’

The four columns in this division present estimated ranges .

of the probable percentages of time that speeds exceed tfen knots

and thirty-three knots during the windiest and calmest months.
Many complicating factors affect the accuracy of ihese’estixriate»s'.

‘Measured wind speed is mnfluenced strongly by terrain features,

vegetation cover, exposure of the measuring instrument, ‘and
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many other factors. Data on wind speeds ar'e extremely sparse
in many parts of the world. 'Meth_dds of summarizing and pr.e‘-

- senting the data vary from country to.co»untmfand, in mény cages:
among the s{e.rvices withir_l the country; hence it has beer; necessafy
to édjust the.r data to the breaXk puints we have used, 1.é._. ten
knots and thirty-three knots. All of these factors make _Ait difficult
to arrive at reliable estimates for these colufnhs. These data |
provide rough estimates of ranges of speeds over entire zones

and may not include extreme values occurring in small localities.

(4')” ‘Relative Humidi v A

Treatment of the range of mean relative humidities 1s some-

l

what different than that of the other param‘ete‘rs." For é_;:ample,

m the data under cl.a;m.;est rﬁonth, one ﬁgﬁré"refgrs 10 tl;e‘lo’\#és't
mean yalue,' usualiy foif mldd’ay, reported by any station within
the zo~2, and the other figufe référs to the higﬁest \.ralule;_' usually '
early morning, reportéd by any station, usually »no.t}theh:svame oi}.‘e..'. :
In some zones,; the month may not even be the s_é.mbe‘ for,’ all Stati’.on‘s.'

- The value of the figurevs :in these columns lies in ftheiriir:u'i‘icalt'i:onf. )

of the dryness or dampness of the climate and of their seasvnal -

variations.
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(6) Thunderstorms

APPENDIX A(8)

(5) Fog on Coast

This ;iolumri refers to Bailey's Coastal Climates of the
(20), &L
in which he designates those coastal regions'that
are frequently foggy. The "x'" designates inose coastal zones
in which dense fog occurs either 20 per cent of the t:’me:dur‘mg
at least one monrh, 15 per cent of the time during a season of

three months, or 10 per cent of the time on an annual bésis; He

defines dense fog as restricting visibility to less than 1, 100

“yards. Few figures were available on the frequency of occur-

rence of fog restricting visibility tc the more significarit figure

of one hundred yards or less, and it was not possible to classify

zones on such a basis. No similar classification of continental -

zones was available. However, areas experiencing substantial
amounts of fog are generally of much smaller extent than the

zones used in this study.

The range of the mean annual number of days on which

‘thunderstorms were reported at/or in the vicinity of the sample

stations 1s given in this column. The wide range reported for

some zones reflects the range of strong local influences and the

degree of homogeneity of the zone.
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(7}  Sand and Dust Storms

Very few data are available on frequency of sand and dust

— - o Zs.

storms. All cases reported occurred in the arid or semi-arid
regions from which few data are available. Hence tﬁese ﬁgures
serve only as a rough approximation of the real conditions. It
is ehtirel"y possible that sand or dust storms occur 1n regions
ﬁot indicated in this table. 'fhe fact that such storms occurred
at all withih the zone serves as an indication of fhe unbonded

—

dusty or sandy nature of the surface.

OCEANOGRAPHIC DATA

" references 26, 28 ahd 29.

nown comp reher-51ve presemanon of chmate over the

oceans is that contained in the Marine Climatic Atlas of the World(11 15)

and related documents,( "1 ) prepared by the U, S Navy Hydrographm
Office and the U.S. Weather Bureau. Because these documents are |
available to readers of this report, and because of the inature ,an.d-volu"x‘n'e‘.
of thie material, no:attempt is made to repfoduce if here Date. o.n's’e,a'

conditions are also contained within these documents, as well as in

All these data are summarized in Chapter I of the report ("Volvume',-l‘).
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NATURAL ENVIRONMENT OF CONTINENTAL AREAS




‘together with summaries of the data. ’ ,'
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NATURAL ENVIRONMENT OF CONTINENTAL AREAS

This appendix contains the background data for overland operations

of Ground Effect Machines. These data represent some of the essential

parameters of military geography, w'ith particular emphasis on the

elements affecting GEMs. The elements tabulated in Tables B-1 through

B-7, and their classifications have been discussed in Chapter'] (Volurne 1),

]
. Assembly and classification of military geography data for over-
e . . " ) ” . . . . ‘ . R .. "'. K - R
land operations on a world-wide basis is a task of major preportions.

Some areas, such as Western Eurcpe and the United States;, are covered

by a multitude of geographic data. Cther areas, such as central Asia

- and Eastern-Africa, have been mapped and studied only on a v;ery,ggn.e'r'ai.l-v :

basis. Even for the areas with complete coverage, geographic.elements‘ -

have commonly been discussed in descriptive terms unsuited for numerical

classification or determination of vehicle (system) design and performance

‘requirements.

)

" The published sections of the National Intelligence'Survéy’se‘r’ie's‘"

have provided, for the first tirne, coordinated material on military
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geographic elements. In particular, the Secticns 21 and 24 of the NIS

~ series covering Military Geographic Regions and Military Topography

=

. . . . L N '
rave provided largely comparable data, with son® numerical factiors,

 on the primary military geographic elements for 1arge'area‘s': of the

world.

These NIS data have been used for the published areas. In some

-of these areés, the data are not as cbmplete as desired, but considered

to be the best available. Areas of the world not covered by NIS have

been analyzed in terms of many other data sources. These sources

have included the Depa;tm_eht of Engineer Intelligence of the Army Map

Service; the Military Geology Branch of the Department of th(_:' Interio‘r; -

the facilities of the National Geographic Society; and numéro;.is com-

mercial atlases and geography texts. A few special study reports on -

“ specific areas'were obtdined through the Armed Services Technical’ -

Information.Agency. B

Data from all these sources were assembled on a consistent.

basis within the framework discussed earlier in this section. In a few

areas data are missing, and the further intensive research required

‘to fill in these blanks was not considered economical within the objec--

'ftivés of the study. The following notes will assist in uhdersténding the

[

form of data presentation.
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The geographic data are tabulated in terms of political
units. Occasionally, several political units situated in

a single geographic arca are considered together, 'as fer
example, Norway and Sweden. In a verz few cases,

large political units, e.g., U.S.S. R.,\&@rc divided into
several subareas for convenience cf presentation. | Politicail
units are arranged by continents, with the further break-
down of Eurasia into Europe without U.S.5.R.; U, S.S.R.;
and Asia without U.S.S.R., as discussed in Chapter I,

Political units are divided into climate zones on the basis
discussed in Chapter I, .Section 2, (Volume 1), ‘'to
facilitate coordination of all the climatic and environmental
data for a given area. ‘Since the climate zones tend to have :
some degree of homogeneity, this breakdown provides a 5
better indication of the predommant characteristics in a ;
given area. . Where a numerical or descriptive data element - AR

apphes to the combmatlon of two or more climate zones

~ within' a pohtlcal unit, it is indicated by brackets or a -

vertical arrow {§ ). _—

The complete data for each area are contamed on tw

successive pages. The climatic correlation is glven on

the first page, with the zone number and zone area repeated
on the second page for identification. - _
Altitude distribution, slope distribution, and vegetation and
surface cover distribution are given as percentages of the
total area of the data unit. The asterisk in the altitude
d1str1but1on tabulation indicates land below sea level. All
slopes are given in percentage gradient, ‘which should not -
be confused with angles given in degrees. For- example,

10 per cent slope ~6°, 30 per cent slope "~ 179, 100 per -
cent slope = 450, , T

-ea

streams, _the mean water width, and the percentage of -
stream mileage having steep banks (defmed approx1mate1y, _
as vertical and over 10 feet high, or 100 per cent slope”

Thz doto on stream valleys 1nd1cate typical spacmg between '

 and greater than 15 feet: h1gh--th1s is not a prec1se number).

1
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(7)
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: (9)

; (10)
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Supverscfipts in the tabulation' of vegetaticn and surface
cover distribution indicate the height in feet of the
pertinent feature. For cullivated crops, this 1s usually
the maximum height during the growing season..

The cross-country index, as given, is only a convenient
number for indicating the most significant obstacles to
cross-country operation. It is given in terms of the
cross-couniry capability of conventional tracked vehicles
with ground pressures of 12-15 psi. In each case the
percentage of unsuitable area is given, and the prlmary

cause Or causes are listod.,

Special featiires re GEMs include other ‘geographic features,
natural or man-made. An effort has been made to include
pertment numbers on size and distribution of these features.
Where not otherwise identified, drainage dltches. canals,
etc., are listed by height and width in that order, e. g.,

2 x 5 feet means 2 feet deep, 5 feet wide at surface. The = -
discussion of Chapters I and II (Volume I) mcludes most

of the features hsted in.the. +abulatlon. L

M1ssmg data, or data whose values are not known well
enough to be usable, are 1nd1cated by questlon marks. :

Even though the data units repreSent specific 'ar"eas 'of ‘
world land masses, the data for each data unit 'r"epr,e"sent- ,
only the most common ranges of parameters thrdughodt ‘
the unit. Any individual location may fall outside of some -
of the ranges. Therefore these data cannot be used to
support or reject an operation at any particular location. -

Furtner study of the area in question would be requ*z‘cd to
obtain sufflclent detailed data. ~
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APPENDIX C . i

E .-

NATURAL ENVIRONMENT OF COASTAL AREAS

This appendix contamns the background data for amphibious opera-
tions of Ground Effect Machines. Thesc data represent the primary
geographical parameters of the coas£a1 regions of the world, with partic-
ular emphasis on the elements affecting GEMs.

In one important respect Appendix C differs fr_orn Alppenc.iicves A
and B, cévering.climafic, oceanographic, and continental environment
data--the dafa used are much more ot a qualitative nature. Quantitative
geographic data on coastal areas have heretofore been restricted almost

-entirely to those data needed for planning conventional amphibious opera“-
tions. Where these studies have noi been made, coastval data are limnéd
to generalized landform and vegetaiion distributions, and brief data on-

coastal stream valleys.

Every effort has been made to provide complete data coverage for
all the elemen's of this appendix, but in some categories, especially the
- characteristics of beaches, ful! coverage would necessitate extensive field

survey. Accordingly, the data forms arc filled in to the greatest extent
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avaiiuble from all the data sources used, and miséing dara are mdicated
by a cuestion mark or the word "unkcown." The gualitative evaluaton of
sustability for GEM amphibious opcrations included at the bottom of the
daia sheets represents an appraisal of the data available for the area,
including all background material elements. This appraisal has also been

porirayed in Figure 14 of the report {Volume I).

Data sources used for assembling the data of this appendix are the

same as thosc used for Appendix B, Characteristics of beaches and iand-

"ing areas are given in Section 22 of the appropriate National Intelligence

Survey series,

The following notes will assist in understanding the form of data

““presentation: "

(1)  The data are tabulated in terms of coasts of continents frenting
on ihe oceans and major seas. The world's mainland coasts
and major islands are included in these data, with the excepuon
of the North American Arctic Islands above 77 latitude. The
breakdown by continents and oceans is on the basis of conven-
ience and continuity rather than the strictest geographlc
identity; for example, the Black Sea coasts of Romania and
Bulgaria are grouped with those of the U.S.5.R. and Turkey
and the Mediterranezn Coasts of Western Asia, - -

Each data column represents the coastal area of a pohhcal um+ ‘
or other convenient geographxc unit within the data group. For
a few political units with extensive coastlines on a given ocean,

e.g., the Arctic Coast of the U.S.S.R., varying characteristicé ‘ ‘

within the entire arca are md1cated by a breakdown mto two or.
mere columns.
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The coastal climate zones taken from Figures 1 1o 7 in
Chapter 1 (Volume 1) represent the Bailey classification
referred to in Section 2 wund are included for hbetter
correlation of these data with those of Appendices A and B.

The total coast length includes cffshore islands, The main-
land coast length, where availlable, includes major gulis and
aye, but no! the minor indentations. These numbers, and

the others listed in this apnendix, are given in statute miles,

Tlie coastal rerrain represents a brief description of the
coastal landforms, and the terrain backing most of the
beaches along the coas:.

The data on coastal stream valleys are similar to those
included in Appendix B, except thai the qualitative notation
of steep hanks has been broken down into the near coast and
inland areas, divided at about 15 to 20 miles irom the
coast. Again, the definition of steep baaks is no! rigorous,
but generally includes banks over 10 feet and near vertical,

" or ovér 15 feet with slopes of 50 to 100 per cent or
‘greater.

tics of beaches, where these data are avail-
able, include number of beachas, percentage over two miles
long, percentage with widths over 50 feet and over 100 feet
at high water, the maximum gradient in the high water zone
(the portion of the beach above normal high tide) the most
common beach materials, and approach obstructions, if any.

Maximum surf heights and tidai ranges are given in feet.
Storm c0nd1t10ns are nof mcluded

Coastal vcge :ation includes the vegetauon near the coast or .

backing the beaches 1; apphcable.

The spec:al features of coasmal areas mc;ude notarlon of ice-

bound coasts and other parucular features.

-The GEM feasibility evaluation represents a qu‘alitative '

appraisal of suitability for GEM coastal operations. (See
also Figure 14\Cnapter I, Volume 1.) The percomageq

CONFIDENTIAL




CONFIDENTIAL

APPENDIX C(4)

given represani the percentages of mainland coast length if
it is given., The rollowing definition of the zone breakdown

-

has been used: <

Zone 1, Coasts suitable for GEM access inland over the
beach, or through stream vaileys.

L SR FVm b~ ettt
LaOIC L. LUSDEN UL e
not providing easy GEM access inland, .

frav CITONA )
AVL s -

Zone 3. Coasts whicii are unsuitable for GEM amphibious
operations.

A word of caution is again appropriate. The data represent
area coverage rather than point locations. Any individual
location may have characteristics differing from those of the
general area. ' Therefore these data do not represent sufficient

source material to support or reject a specific operation at any

particular point.
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